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*»HSSAW7*/W'ti..**«fc««7-f 
/^iOMMl^^T. SAW£fg?£fflWtfiJ£ 
Ufc7 ■f/l'*'?**. S AWftJIi^ttte I DTT* 
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<7)tf-mmX'h h . £At» 3a IDT2tHt$m 
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(43»arm*^£tt'HfclS) imFF 1 5fcE^lT- 
1 6 t £ *fX<e*ltfl;fC . 0 5 ( a ) (7)0 
S&tfJt^SSi 1 17a, 17b frtofrtzJ y f-^yx 
14. PI0 ( b ) OSffiO^offl^ 17a. 17 bfrhX- 

tzjyv-yyzizwK. mm (a) com^m 

?18a. I8b*^^-<ytf-^yx(i, Pin 

(b) ^[Hllf&O^^l 8 a. 18b*^^7t-f yt' 
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gMTl 5<7)V7??yZft&X'h*). 06 (a) 4>0 
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1115(a), ( b ) {ZmZixt: 1 Ste LnUHBtf 
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mmtizm^ 1 tzm-A 5\t. miv>&m=F 
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SAW*»FTftfiHr, -e^fig*^(4^09^J:^ 
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i a t ur . ^mmy < )\,?cr>&mtfisj8.zi\x^ 
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hbZb. SWOSAW^^-cRtfiaiftttfc-f 
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^mX'hh. HP*>. fflO&h.*SAW£JR?*5Rfcl. {J 
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(b) Oidt, ttW«Mtf)2®0SAW&*Pfc£jfc 
U:SH*fcSAW£fi?«£iSfitt. S A 

MW««lO2<tt0SAW^arF^|ftLfcaftfcS 
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8<9£H3§i! SAW7 -f /l^ <0#;UIJfc*HlH"C* S . 
[0011] ^^PdjRSftfcWitf 4ftl4t£SEI» 
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mixwxmrns* mmmnx'<m^.<r>a%^m 

<Xii. ttMBtoWktf** Wtitf . fHBttlK 

** i sot # , 7 -< A«*»ftii«ar^*wt: 
ware****. &mtf2m±.iz%z>tmm®v)tm 
mmwmzm m>. ®mm <%&t *mm 

*fc*>fctt, ««"f*4IH t *»<9*fc**i'fix^«»liI» 

u>u «safiasAW7-f/^««ij<w 

U <S«** l Og^»0«ffiSSSAW7-f^^S:tl 
[00 12] 
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K. *&?£EV^7 4/l^®8&*>*#g 

K««nmict)(t&7 4^l!IBflB07 

*ffiV^7^/^0»36»^St««*<XT«*SfL, # 

7-f/^Iil»TaffiS^4««<0li#tjMS*4liL 

io ^7 4;wc8wc, awoid^rsaffiiE^ifcjisi 
izm&7 itvmfonwm&w&vmthiivx- 

*4. W±^J:ofcm«§ti.^lo%Bjco«iLrS7 
<ll<?(?>ttm£. 01 1 (a) - (c) 

[ o o 1 3 ] h 1 1 ( a ) ~ ( c ) Mt. smsiKaffiK 

<*0>1 > *RWf*HT*0, HH (a) liZIBW 
VSUSIRffl. (Sill ( b ) {4fia5COI4Lrffl7 oVtffM 

20 imeR. at^wH < c > u» i urs 

7 <>\s7V>®mm*^LX^h. Hi 1 (a) 
- (c ) +*>N. N 1 , N2<±Z^ft«§«i||l£-?- 
*l<Wl^LTV^i. 011 (a) ~ (c) 4>tf)3S 

*. S7*fT a , Tb *Afl«HF&tWFHTo . Td 
friii^ffi^tU. HI 1 (a) <0J:3K, ST»T a , 

Tb yv—yyzz* -ztmztvktatinrjB 

: 3 B #W«BBIIN*«HF«T. , Td ffl*>feJW:i:*» 
30 -f y t-^y^Ji. HRWfcZ ( = R+ j X ) c7)1S#St 
•C&tZ b tfX'tf h . mkX'\t. H 1 1 ( b ) (OX 3 1 
M^mtlX^-f. 2fflOZ*F««W3IIMI(Nl. N 
2(Cffiai-*««KSAW7-f/^<0»B^«Tc . T 
d t*tei8«LT^fc«»tT*&. vl^^. ffi^F^T 
c , Td *»4>AfcW*tf)««ig»«|N 1 . N2i7)-<>t: 

-yvximKz (-r+ j x) zcDmmu 
mzxtuf, monsmmftN i , N2iafc***ffF 

^T c , Td tfcV^T, ^^S**^-rSc7)(iig(t 
^<a^v>„ flaw)«NSSiai'tJ:*Uf . ^WT C . Td 
40 A^fcJtfflommai&fliN i <o-f ytf-*>x#0tt 

IfZ ( = R+ j X) T**Uf, R^IBIiOm^lHlOTN 2 

<o-f yt'-^yx{j, z^ft^f ytr-yyx (=r- 
j X) -«rttfU«rfe*v^ ioiiWtttlWJ 
i: . -Ht-fftcom&SSSSBN l , N 2w-f y tr-rvx 

tc«i$iJ$^S. HI 1 ( c ) *#8rcii. HI 1 ( b ) 
O^EISSISN 1 , N 2<®&at* . **>9MWtoM- 

mti-rx o%mmmt:*Lx^&. w*>. mem 
wx\i. mxcom&mmu i , n 2<r>4 st-y>x 
50 >xto*tt%miitMZs mjjffMsimm 
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Nl. N20**»Te , Td Hfc, SJMHffifctt 
»Wtt*?MIAL'0>*. flit*. UT^yx-ftL 
>V-yyxtfZ\ (=-j (R 2 + 

x 2 ) /2x) <D®mm^&tztewm'&mmuz 
*. i-?t. ramiMiN 1 . N2ig»rat:tett«.^i 

5. 

[00 14] JXfc, ^2O^Bfl<0{iUrS7^;^<^ 
01 2£#!iLo-?. BWi, 01 2Ht. ffiS 

wunwm ( *o 2 ) fcBMH-r &Brc» o . a 1 1 +<o 
s^tftji-rsg^wifta^-t^ffl^r^s. 01 

1(c) Ttt, ifUOVSUatttPIN 1 . N 2tf>»TttT 
6. HP*', 01 2?>J:? 1=. M*0«^HIOTN 1 , N 

\M yv-yvxzi ( = - 2 j x ) jOTkHcgBKcig 

83*i* t , mm<?>wmnmN 1 . n 2<nm-n 

To , Td IBfc*J»t6JS«Hill<0Jftft*«}PWiSfi. ^FB 
[0015] 

micommmm 

mm. wmnn 1 <r>mmm*-t#M$m saw 
7 ovfcnmmx'hh. znimms^y 4>v? 

«, 7zWco\i.LZm.7 4 iVfX'fo*) . 4fflOlS(iLr 
S@K5 1, 52, 53, 5 4£fltt-0*. #lSli 

LrM08§5i-5 4{i» -eamsAw^yg?T*«« 

1 , 5 2. 53, 54 jWBRSSEStU m&WS AW 
7^?tf$j£$<VO^. iiTIi, 1RI4U 

rseiHw** 4 fiitc 4 eta l rsmsssr^-ri. 

«RT**ltfJ:<, 28. 6S&l>^»48K<9fflj£ 
T tivn #lS«LrS0K5 1, 52, 53. 54 

tr-jo*a«tt'j Ttjyxmtntewmw&m- 
h%wi®&&m?xfoz>T^wmm?6 1 , 6 

2, 6 3#, *ft«i*flfc««S.TO>6. *g£fii 
jfe«WI#P6 1 . 6 2. 6 3 fc LTli. WlttO^ 7/ 

vyryy. mmosryymj yy?? . #saw 

*\ #SAWi»H t i:R-aMKfc»jftSftfc^^9/l' 

y s ryy®.4 yy?9mw%t t>ti 
[0016] isi±Lraniffi5 m. ss?*tT 5 i. . 

Tsu atWFWTsie . Tsid IBC«tt*flfc*HT 
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-ASAW£J8?5 1 pfcUOT-A^affS 1 sit 
«*«*VO**. lS<iLrS[385 2li, ^PJtT 

62c , T 62 d sjmfftTtu, T 52 b mzimztuz 
mr-j» s a wga* 5 2 p t mr-j^m* 5 2 

sfCflWc3«VCV>£. lg{iLrS0SS5 3{i. 

*fTb3« . T 5 3b &tf3&?*fT 6 3c . T53d |a£$R3 

ftfcM«7-AS AWftfi^F 5 3 p fctt?iJ7-A£©f 
5 3sfcT'ffij££ilT^i>. lS(iLrS@S85 4{i. 
ffiWTsdc , T 5 4d Rt/^?WT 6 4 a , T 5 4b 
10 *$<lfcJfe«7-ASAW«»f54ptlIWT-A* 
WF 5 4 s fcTfiWtSft^S.. #M?J7-A:j»5 1 
P~5 4pti, *ofc<R|&# : Pca i J. *<lfe«5-fy 
tf-*>Xfc*U>. &MMT-J±*m?F5 1 s~5 4 

st. io^<|i|tSi L -c3!> , 9. ztikM yz-yy 
*owu\tt->T, ias<ois«Lran]s&5ifc 

2ggcoi gtiLrSlHlSI5 2»IBCMMfcStt&ftfc 
S761fc. 3Si^lS(iUrSHI»53i:4SBW 
lBH4LraiHB5 4<3iafcM^JtC«83tlfc#*6 3 
fc.i, £o£<|E0tg£ffl*6!J77?yxj£#£ftoJ: 

[0017] witf. iaa<oiBBiL^Eia»5ic 
fcwc. *?stT»ia . Tsib mtfW&Jyv-yyx 
z 0 Kiattt^Bia»5 1 t-mwr 

sic , Tsid m*t>fi-t:4 y K-yyxitz-i (=r 3 

+ jX 3 ) fc-fl.. g^<WRSE^«**»*-f4fcft 

Sf**. -e^<6, ^6 i^ye-^yx(iZ4 

( = -j (R 3 2 +X3 2 ) /2 Xs ) fcRSeSflTH 

h. ^6 30)4 yv-yyxi>mkX'h'). z* ( = 

30 - j (Rs 2 + X 3 2 ) /2X 3 ) fcKJ&SilT^a. 
6 3W^yf-ryx5:Z4 

3. «T6 3a^istttcsig»54T«*s#i*ig 

i«a<oig«iU^EIBl»5lfc*JV^, ffi^W 
Tsia , Tsib MfiWtJ yv-yyzzt 

2aioig(itranisso«i i MT52 a , T 52 b 
frktt'l y^-yyxtfZi (=Rs +jx s ) 

40 St. 08865, 66 -C^^B-&a*5r^*-ri.!t^t 
(±. ^6 2co^fyh-/yx(iZ5 ( = - j (Rs 2 
+Xs 2 ) /2X6 ) fc-rs ! £g# { *>9. iOttfcKig 

[0 018] »:(£, 01<7)*tSSSSAW7-f;^<Ol!l 

6i« , Tsib Sr^-LTiSI5*(i-f* { X^§4T.l.i:, 7^ 
/P? t at*-*- S t^T ^ S AW*©? 5 1 P ~ 5 4 p . 
5 l s~5 4 stcfcJtS I DTtf)«$M(;:«EEII#4 

50 kfcrJroT, i4n.4>SAW«RW*JWaH t *fcJl« 
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tiKT-m£m!mffl% i F6 i~6 3«i. zmx-nm 

tit. <w=, mmmz&gu^icvmmBn* 
mm s aw7 uv?om%&wm%> . 
[ o o 1 9 ] h 1 a i *># Am&umz^tmx' 
hh. Hi<«fassAW7-f^t:tt. srat^ 

£S*»iW*F6 i~6 3*Wt<o;h.-Cv^<?)T\ Sra 
<OPMItf>y 7? ? >Atttfffi3&tixmTBffi®tztoV& 
RWtfBW&fx*. tntdto. Hl3lc^UfcA2«« 
3(3. ft^g§SSAW7^^^c7)»A*^tt^ 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ladder mold filter constituted using the surface 
acoustic wave (it is called SAW Surface Acoustic Wave and the following) resonator etc. 
[0002] 

[Description of the Prior Art] Generally, surface acoustic wave equipment has the blind-like transducer 
(it is called IDT Interdigital Transducer and the following) for exciting SAW. Various properties and 
functions can be given to surface acoustic wave equipment by processing the IDT. When calling it 
surface acoustic wave equipment conventionally, the SAW filter was mainly pointed out in many cases, 
and in the SAW filter, the multi-electrode mold SAW filter was the leading role. However, by recent 
years, researches and developments of a resonator mold SAW filter also prosper besides the multi- 
electrode mold SAW filter, and if it is called an SAW filter, a multi-electrode mold SAW filter will not 
necessarily be meant. This invention relates to the resonator mold SAW filter. A resonator mold SAW 
filter is the filter constituted using the SAW resonator based on the design approach of a classic 
electrical filter. The body of a SAW resonator is IDT and has the reflector right and left depending on 
the case. If it consists of blind-like electrode fingers like [ a reflector ] IDT and all the electrode fingers 
may be short-circuited electrically, it may be opened wide. Since a reflector is equipment for reflecting 
acoustically SAW mainly revealed to right and left from IDT, it is almost unrelated to the electric short 
circuit of all electrode fingers, or disconnection. The impedance characteristic of an SAW filter is 
extremely similar to the impedance characteristic of LC resonator. Therefore, the design approach of an 
electrical filter is applicable. 

[0003] Drawing 2 is the top view showing the conventional SAW resonator. For example, the Xtal 
substrate and LiTa03 A substrate or LiNb03 On the constituted piezo-electric substrate 1, IDT2 and two 
reflectors 3a and 3b are formed. In IDT2, electrode finger 2b connected to electrode finger 2a of the 
shape of a blind connected to the input terminal 4 and an output terminal 5 is arranged by turns. In 
addition, as for these, Reflectors 3a and 3b are removed when unnecessary. Drawing 3 (a), (b), and (c) 
are drawings explaining the reflectors 3a and 3b in drawing 2 , and, as for this drawing (a), all electrode 
fingers show the reflector opened wide, respectively, as for the reflector with which all electrode fingers 
connected schematic drawing and this drawing (b) too hastily electrically, and this drawing (c). About 
50-100 are suitable for the number of the electrode finger of each reflectors 3a and 3b. Generally the 
reflectors 3a and 3b in drawing 2 have taken the gestalt of either drawing 3 (b) or drawing 3 (c). 
Moreover, in order to obtain a desired impedance, as for Reflectors 3a and 3b, being arranged, 
respectively is common before and after die distance of the quadrant wavelength of SAW of IDT2 in 
drawing 2 most excited from an outside electrode finger. Since reflector 3 a is produced by coincidence 
by the same production process as IDT2, the thickness and quality of the material are the same as IDT2. 
the thickness as a standard - from hundreds of A up to thousands of A - it is - the quality of the 
material - pure — the alloy which makes aluminum or aluminum the charge of a principal member is 
used. Moreover, the alloy which makes this, such as unalloyed ti, the charge of a principal member 
depending on the case may be used. 

[0004] The above SAW resonators of a configuration express the equal circuit with LC resonator in 
approximation in many cases in order to show the reactive characteristic just like LC resonator. Drawing 
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4 (a) and (b) are drawings showing the equal circuit and reactive characteristic of a SAW resonator of 
drawing 2 , and an equal circuit and this drawing (b) show [ this drawing (a) ] the reactive characteristic, 
respectively. The equal circuit of a SAW resonator is expressed with the inductor 10 and capacitor 1 1 
which were connected to the serial between terminals, resistance 12, and the capacitor 13 connected to 
them and juxtaposition in approximation. The reactive characteristic of a SAW resonator with this equal 
circuit has the resonance frequency Fr and antiresonant frequency Fa which are shown in drawing 4 (b). 
The method of designing an electrical filter with the component of such a reactive characteristic is 
learned for many years. 

[0005] Drawing 5 (a) and (b) are circuit diagrams which carry out one step and explain the configuration 
of a mold circuit. In constituting a filter from a resonator, the filter circuit which carried out one step and 
consisted of mold circuits turns into a basic circuit of a filter. One step is carried out and can consider 
two kinds of configurations in a mold circuit. The circuit of drawing 5 (a) and the circuit of drawing 5 
(b) are symmetrical, and are equipped with the juxtaposition arm (foreign word by which arm came 
from English arm) resonator 15, and the serial arm resonator 16, respectively. The impedance seen from 
the terminals 17a and 17b on the left of the circuit of drawing 5 (a) is equal to the impedance seen from 
the terminals 17a and 17b on the right of the circuit of this drawing (b), and the impedance seen from the 
terminals 1 8a and 1 8b on the right of the circuit of this drawing (a) is equal to the impedance seen from 
the terminals 18a and 18b on the left of the circuit of this drawing (b). When a multistage filter is 
constituted from a resonator, one step chooses drawing 5 (a) or the circuit of (b), carrying out and 
considering the impedance between mold circuits. If the antiresonant frequency of the juxtaposition arm 
resonator 15 and the resonance frequency of the serial arm resonator 16 approach or are very in 
agreement, the property of a band-pass filter with the very good adjustment condition in the input 
terminal and output terminal of the whole system will be acquired. 

[0006] Drawing 6 (a) and (b) are drawings which carry out one step of drawing 5 and explain the 
transmission characteristic of a mold circuit, and, as for a reactive characteristic and this drawing (b), 
this drawing (a) shows the insertion loss. The characteristic curve 21 in drawing 6 (a) is the reactive 
characteristic of the juxtaposition arm resonator 15 of drawing 5 , and the characteristic curve 22 in 
drawing 6 (a) shows the reactive characteristic of the serial arm resonator 16. The resonance frequency 
and antiresonant frequency of each resonators 15 and 16 are as being shown in drawing 6 . 1 steps shown 
in drawing 5 (a) and (b) are carried out as a result, and the insertion-loss property of a mold circuit 
becomes like the insertion-loss curve 23 of drawing 6 (b). This insertion loss is the transmission 
characteristic of a band-pass filter, and the magnitude of attenuation of right and left of a passband 
increases it by increasing the number of stages of a ladder mold circuit. The number of stages is decided 
by the conditions of the property of a filter. However, an increment of the number of stages of a ladder 
mold filter also increases the number of resonators in proportion to this. 

[0007] Drawing 7 is the circuit diagram in which carrying out four steps and showing the example of the 
resonator mold filter of a mold circuit. One step where this resonator mold filter was shown in drawing 5 
(a) and (b) is carried out, and four-piece cascade connection of the mold circuit is carried out. It carries 
out one step each and the mold circuits 31, 32, 33, and 34 have the juxtaposition arm resonators 31 p-34p 
and the serial arm resonators 31s-34s, respectively. However, in consideration of the interflection 
between each stage, when connecting, terminals with an equal impedance are connected. As a result, in a 
serial arm, 1 sets of two-piece parallel connection SAW resonator systems can do 2 sets of two-piece 
series connection SAW resonator systems in a juxtaposition arm. Since there are two resonators in each 
stage, a total of eight SAW resonators are needed. However, two SAW resonators generally connected 
to two SAW resonators or juxtaposition linked to a serial can be compounded to one SAW resonator. It 
is the description that this synthetic resonator has the almost same impedance characteristic as two 
resonator systems. For example, it connects with a serial, respectively and resonator 34a of 31s of 
resonators of the 1-th step circuit 31, 32s of resonators of the 2nd step circuit 32, 33s of resonators of the 
3rd step circuit 33, and the 4th step circuit 34 can be compounded. It connects with juxtaposition and 
resonator 32p of the 2nd step circuit 32 and resonator 33p of the 3rd step circuit 33 can be compounded. 
When resonator composition of these is carried out, the circuit of drawing 8 is constituted. Drawing 8 is 
the circuit diagram in which carrying out four steps after resonator composition, and showing the 
configuration of a mold filter. 

[0008] If each resonator system is compounded, four steps of drawing 7 will be carried out and the 
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configuration of a mold filter will turn into a configuration of drawing 8 . That is, with the resonator 
mold filter shown in drawing 7 , although a total of eight resonators were required, the resonator mold 
filter which has the same transmission characteristic and same impedance characteristic as drawing 7 by 
five resonators 41, 42, 43, 44, and 45 is obtained by performing resonator composition. In addition, the 
resonator 41 and resonator 45 which are arranged by drawing 8 at a juxtaposition arm are the same as 
each resonators 3 lp and 34p of drawing 7 , and it is the resonator which is not compounded. Two 
synthetic resonators, resonator 31s and 32s, and the resonator 43 of the resonator 42 of a serial arm by 
which the resonator 44 by which it has been arranged at the serial arm has been arranged at two 
Resonators [ 33s and 34s ] synthetic resonators and juxtaposition arms are synthetic resonators of two 
resonators 32p and 33p. If each resonator which constitutes drawing 7 is a SAW resonator, the synthetic 
approach will be performed like following drawing 9 . Drawing 9 (a) - (c) is drawing explaining the 
synthetic approach of a SAW resonator, and, as for the SAW resonator of a simple substance, and this 
drawing (b), this drawing (a) shows a parallel connection SAW resonator and its composition, as for a 
series connection SAW resonator, its composition, and this drawing (c). 
[0009] Although drawing 9 (a) is the SAW resonator of the conventional simple substance and a 
reflector is omitted here, it does not interfere, even if there is a reflector. Moreover, although the piezo- 
electric substrate is not illustrated since it is for explaining IDT composition of a SAW resonator here, 
all SAW resonators are produced on the piezo-electric substrate. W in drawing 9 (a) - (c) is the 
crossover length of the electrode finger which counters. Moreover, lambda is the wavelength of SAW to 
excite and is equal 4 times of an electrode digit. If two series connection SAW resonators are 
compounded to one SAW resonator as shown in drawing 9 (b) for example, the latter crossover length 
will become half [ of the crossover length W of the former simple substance ]. Like drawing 9 (c), if two 
parallel connection SAW resonators are compounded to one SAW resonator, the latter crossover length 
will become twice the crossover length W of the former simple substance. The impedance characteristic 
of the SAW resonator after the composition in each case is almost the same as the impedance 
characteristic of the series connection SAW resonator system before composition, or a parallel 
connection SAW resonator system. Thus, the resonator of a resonator mold filter is compounded. For 
example, the configuration of the resonator mold SAW filter which has the same transmission 
characteristic and the same impedance characteristic by five SAW resonators is possible for four steps 
the place which needs eight SAW resonators in the case of the resonator mold SAW filter which carries 
out and consists of mold circuits. That is, the number of SAW resonators used becomes almost the same 
as a number of stages. Moreover, since the magnitude of attenuation increases in proportion to a number 
of stages mostly, if the property of a desired filter is decided, the number of stages will also be decided 
mostly. 
[0010] 

[Problem(s) to be Solved by the Invention] However, the following technical problems occurred in the 
conventional resonator mold SAW filter. Although two resonators linked to two resonators and 
juxtaposition which generally carry out series connection are compounded by one resonator, 
respectively in order to reduce the number of the SAW resonators which constitute a filter, the 
impedance characteristic is almost the same as the resonator of two-piece series connection, and the 
resonator of two-piece juxtaposition. The crossover length of a SAW resonator who got after 
compounding two SAW resonators of series connection as shown in (b) of drawing 9 becomes half [ of 
the crossover length of the simple substance SAW resonator before composition ]. The crossover length 
of a SAW resonator who got after compounding two SAW resonators of parallel connection as shown in 
(c) of drawing 9 becomes twice the crossover length of the simple substance SAW resonator before 
composition. Drawing 10 is the insertion-loss property Fig. of the resonator mold SAW filter of drawing 
8 explaining the conventional technical problem. 

[001 1] For example, four steps are carried out and the passband insertion loss in a mold circuit by which 
resonator composition was carried out inclines to a low-pass side like the part of Al shown in drawing 
10 . When the insertion loss of a filter is evaluated and a value shows, loss in a passband sets and **** 
turns into the evaluation value. That is, in the high region side of a passband, if the loss by the side of 
low-pass is large even if loss is small, evaluation will worsen. Therefore, the insertion-loss property in a 
passband is a reason more desirable as there is little fluctuation. When the number of ladder mold 
circuits is 1, almost on the whole, the insertion-loss property of a filter is symmetrical, but if a number of 
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stages becomes two or more steps, the property of a passband will begin to incline to low-pass one, and 
the inclination will also become sudden if a number of stages increases. Therefore, the cause by which a 
passband inclines to low-pass is considered to be connection of interstage. When connecting the one 
terminal pair network pair electric network of arbitration, in order to control interstage reflection and 
transmission loss in - **, the impedance of each electric network seen from the terminal to connect must 
be conjugate mutually. However, when connecting from the former the ladder mold circuit which 
constitutes a resonator mold SAW filter etc., the present condition is not considering the point. This 
invention removes the above faults and aims at offering low loss and the resonator mold SAW filter of 
the high magnitude of attenuation. 
[0012] 

[Means for Solving the Problem] In order to solve said technical problem, it connected with multistage, 
the filter circuit which used the resonator was constituted, and the 1st invention has prepared the 
following capacitive components or an inductive component in the ladder mold filter which passes the 
signal of the band set up in each filter circuit. It connects with juxtaposition at each interstage, 
respectively, and said capacitive component or an inductive component controls the mismatch loss 
between the filter circuits in this each connection place. It connected with multistage, the filter circuit 
which used the resonator was constituted, and the 2nd invention has prepared the following capacitive 
components or an inductive component in the ladder mold filter which passes the signal of the band set 
* up in each filter circuit. It connects with a serial at each interstage, respectively, and said capacitive 
component or an inductive component controls the mismatch loss between the filter circuits in this each 
connection place. An operation of the ladder mold filter of the 1st invention constituted as mentioned 
above is explained referring to drawing 1 1 (a) - (c). 

[0013] Drawing 11 (a) - (c) is drawing explaining the outline (the 1) of interstage connection, and this 
drawing (a) shows interstage connection of a ladder mold filter [ in / drawing / this / a one terminal pair 
network pair electric network and / (b) / in interstage connection of the conventional ladder mold filter 
and this drawing (c) / the 1st invention ]. In addition, N, Nl, and N2 in drawing 11(a) - (c) show the one 
terminal pair network pair electric network, respectively. Moreover, terminal Ta in drawing 11(a) - (c) 
Terminal Tb It is one terminal pair of a one terminal pair network pair electric network, arid is Terminal 
Tc. Terminal Td It is the terminal pair of another side. Terminal pairs Ta and Tb An input terminal and 
terminal pairs Tc and Td It considers as an output terminal and they are terminal pairs Ta and Tb like 
drawing 1 1 (a). Characteristic impedance Z0 They are terminal pairs Tc and Td about the one terminal 
pair network pair electric network N of the arbitration by which termination was carried out. Generally 
the impedance when seeing from a side can be expressed with the complex of Z (=R+jX). terminal pairs 
Tc and Td of the resonator mold SAW filter which takes no measures like drawing 1 1 (b) in the former, 
but is equivalent to two one terminal pair network pair electric networks Nl and N2 It can only connect 
and comes out. in this case, terminal pairs Tc and Td from — similarly the impedance of the electric 
networks Nl and N2 of both which were seen is Z (= R+jX). Terminal pairs Tc and Td which are among 
both electric networks N [ Nl and ] 2 according to this connection method It is not avoided that set and 
mismatch loss occurs, according to the conventional connection theory — terminal pairs Tc and Td from 
— if the impedance of the electric network Nl of seen one side is Z (= R+jX), the impedance of the 
electric network N2 of the opposite side must be the conjugate impedance (= R-jX) of Z. If it connects 
on such conditions, the amount of [ of the impedance of each electric network Nl and N2 ] reactance 
will negate each other, and mismatch loss will be controlled to the minimum. Connection of drawing 1 1 
(c) shows a connection method which fulfills the conditions of the connection theory for connection of 
the electric networks Nl and N2 of drawing 1 1 (b). That is, in order to negate a part for the reactance of 
the impedance of both electric networks Nl and N2 in the 1st invention, they are the terminal pairs Tc 
and Td of both electric networks Nl and N2. In between, the capacitive component or the inductive 
component is introduced. For example, if an impedance only with a part for a reactance connects the 
capacitive component or the inductive component of Zl (=-j (R2+X2) / 2X) to juxtaposition at 
interstage, the conditions of the connection theory will be fulfilled as a result. Therefore, the mismatch 
loss between an electric network Nl and N2 circuit will be controlled to the minimum. In this case, one 
step which constitutes a filter is carried out and the number of stages of a mold circuit turns into even 
number. 

[0014] Next, an operation of the ladder mold filter of the 2nd invention is explained, referring to 
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drawing 12 . Drawing 12 is drawing explaining the outline (the 2) of interstage connection, and uses the 
common sign for the element in drawing 1 1 , and the common element. At drawing 1 1 (c), they are the 
terminal pairs Tc and Td of the electric networks Nl and N2 of both sides. In between, it is the 
impedance Zl for a pure reactance. Although it connected with juxtaposition, the connection theory can 
be fulfilled even if it connects the impedance for a pure reactance to a serial. That is, like drawing 12 , if 
a part for the reactance of the impedance of both electric networks Nl and N2 is negated, for example, 
an impedance Z2 (=-2jX) is connected to a serial at interstage, they are the terminal pairs Tc and Td of 
the electric networks Nl and N2 of both sides. The conditions of the connection theory of a between will 
be fulfilled and mismatch loss will be controlled to the minimum. Therefore, said technical problem is 
solvable. 
[0015] 

[Embodiment of the Invention] 

The 1st operation gestalt drawing 1 is the circuit diagram of a resonator mold SAW filter showing the 
1st operation gestalt of this invention. This resonator mold SAW filter is the ladder mold filter of pi 
mold, and one step of four pieces was carried out and is equipped with the mold circuits 51, 52, 53, and 
54. It carries out one step each and the mold circuits 51-54 are filter circuits which consisted of SAW 
resonators, respectively. One step of four pieces is carried out, cascade connection of the mold circuits 
51, 52, 53, and 54 is carried out, and the resonator mold SAW filter is constituted. In addition, although 
four steps which carried out one step and made the number of mold circuits four pieces here are carried 
out and a mold circuit is explained, two steps, six steps, or eight steps of configurations may be [ that 
what is necessary is for the number just to be even ] used. In order that it may carry out one step each 
and it may control these insertion losses for the interstage of the mold circuits 51, 52, 53, and 54, the 
mismatch loss control component s^!, 62, and 63 which are the inductive components or capacitive 
c omponent s in which an impedance has only a pure reactance component are connected to juxtaposition, 
respectively. A spiral mold inductor, a MI AND A mold inductor, etc. which were formed in the substrate 
same as mismatch loss control components 61, 62, and 63 as an external chip capacitor, an external 
MIANDA mold inductor, each SAW resonator, and the capacitor of the IDT configuration formed in th e 
s ame substrate and each SAW reso nato r can be considered . 

[0016] One step is carried out and thelnold circuit 51 is terminal pair T51a and T51b. And terminal pair 
T51c and T5 1 d It consists of juxtaposition arm SAW resonator 5 lp and 51s of serial arm resonators 
connected in between. One step is carried out and the mold circuit 52 is terminal pair T52c and T52d. 
And terminal pair T52a and T52b It consists of juxtaposition arm SAW resonator 52p and 52s of serial 
arm resonators connected in between. One step is carried out and the mold circuit 53 is terminal pair 
T53a and T53b. And terminal pair T53c and T53d It consists of juxtaposition arm SAW resonator 53p 
and 53s of serial arm resonators connected in between. One step is carried out and the mold circuit 54 is 
terminal pair T54c and T54d. And terminal pair T54a and T54b It consists of juxtaposition arm SAW 
resonator 54p and 54s of serial arm resonators connected in between, and is. Each juxtaposition arm 
resonators 51p-54p are the completely same components, and those impedances are also equal. Each 
serial arm resonators 51s-54s are also the completely same components, and those of those impedances 
are equal. Therefore, the component 61 which carried out the 1st step of one step, carried out the mold 
circuit 51 and the 2nd step of one step, and was connected to juxtaposition between the mold circuits 52, 
and the 3rd step of one step are carried out, and the mold circuit 53 and the 4th step of one step are set 
up so that it may have the pure reactance component for adjustment with the completely same 
component 63 which carried out and was connected to juxtaposition between the mold circuits 54. 
[0017] For example, it carries out, it sets in the mold circuit 51, and the 1st step of one step is terminal 
pair T51a and T51b. A side is a characteristic impedance Z0. Termination is carried out, this one stage is 
carried out, and they are terminal pair T51c and T51d about the mold circuit 51. The impedance seen 
from the side sets to Z3 (=R3+jX3). In order to remove the mismatch loss in interstage, it is required for 
the impedance of both sides to have a conjugation relation. Therefore, the impedance of a component 61 
is set as Z4 (=-j (R3 2+X32) / 2X3). The same is said of the impedance of a component 63, and it is set 
as Z4 (=-j (R3 2+X3 2) / 2X3). It is the impedance of each components 61 and 63 Z4 If it sets up, the 
circuit 65 which carries out one step, carries out the mold circuit 51, a component 61, and one step, and 
consists of mold circuits 52, and one step will be carried out, and the mold circuit 53, a component 63, 
and one step will become the circuit where the circuit 66 which carries out and consists of mold circuits 
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54 Is completely the same. It carries out, it sets in the mold circuit 51, and the 1-th step of one step is 
terminal pair T51a and T51b there. A side is a characteristic impedance ZO. Termination is carried out. 
the 2nd step of one step — carrying out - terminal pair T52a of a mold circuit, and T52b from, if the 
seen impedance sets to Z5 (=R5+jX5) In order to remove the mismatch loss in circuits 65 and 66, it is 
necessary to set the impedance of a component 62 to Z5 (=-j (R5 2+X5 2) / 2X5), and it is set as this 
value. 

[001 8] Next, actuation of the resonator mold SAW filter of drawing 1 is explained. Input terminal pair 
T51a of a resonator mold SAW filter, and T51b If it minds and a RF signal is inputted, an electrical- 
potential-difference difference will arise between all the SAW resonators 51p-54p that constitute a filter, 
and the electrode finger of IDT in 51s-54s, and a surface acoustic wave will be excited. When a surface 
acoustic wave excites, these S AW(s) resonator will express an impedance characteristic equivalent to a 
crystal resonator or the conventional LC resonator, and the whole SAW resonator system will express 
the property of a band-pass filter. The mismatch loss control components 61-63 by which carried out 
one step each and insertion connection was made at the interstage of the mold circuits 51-54 control 
reflection by each interstage, prepare the balance of the property of a passband, and make it the small 
property of a ripple (difference of maximum and the minimum value), terminal pair T54a [ in / the 
output terminal pair of this resonator mold filter, i.e., one step, is carried out as a result, and / the mold 
circuit 54 ], and T54b from - only the signal which a frequency suits is outputted to a passband by 
stable reinforcement. Next, the effectiveness of the resonator mold SAW filter of the 1st operation 
gestalt which has improved connection of interstage is explained. 

[0019] Drawing 13 is drawing showing the insertion-loss property of drawing 1 . Since the mismatch 
loss control components 61-63 are formed in the resonator mold SAW filter of drawing 1 at interstage, a 
part for the reactance of the both sides of interstage is eliminated, and the reflection in a passband is 
improved. Therefore, like the part of A2 shown in drawing 13 , the inclination by the side of passband 
low-pass [ of the insertion-loss properties of a resonator mold SAW filter ] becomes loose compared 
with the former, and low loss-ization of a filter can be realized as a result. That is, without other parts of 
an insertion-loss property changing, before, it is improved greatly and the low-pass side insertion loss of 
the large passband becomes the property improvement of the whole filter. Moreover, if it sees from the 
side face of signal processing, since the one where the ripple in the passband of a filter is smaller is 
generally desirable, the resonator mold SAW filter of this 1st operation gestalt contributes also to 
control of a passband ripple. Furthermore, since a pure reactive element like components 61-63 is added 
without compounding the SAW resonator of a serial arm as shown in drawing 1, according to those 
values, it is effective in the magnitude of attenuation in low-pass [ outside a passband ] increasing 
considerably compared with a passband among the insertion-loss properties of a filter (part of A3 in 
drawing 13 ). 

[0020] Thus, compared with the conventional thing, it is easy to use the resonator mold SAW filter by 
which the insertion-loss property has been improved, and the application range should become large. 
Generally, although a resonator mold SAW filter is used as interstage filters, such as for example, an 
automobile, a ce llular phone, etc., it is not used yet as a common dexterous filter by the former. 
However, since It low loss [ not only J, but is a low ripple, the resonator mold SAW filter which 
increased the resonator mold SAW filter of drawing 1 and its number of stages can be enough used also 
as a common dexterous filter. If the ceramic filter which constitutes common dexterous filters, such as 
current automobile, cellular phone, etc., is transposed to the resonator mold SAW filter of this 1st 
operation gestalt, alljh e filters used for an automobile, a cellular phone, etc. will be made in an SAW 
filter. If all the filters used for an automobile, a cdlularphoneretc: are made into an SAW~filtef; the 
miniaturization of these automobiles and a cellular phone, high-performance-izing, and low-pricing can 
be promoted by leaps and bounds. Especially, as mentioned above, since the magnitude of attenuation 
by the side of low-pass [ outside the passband of a filter ] may increase considerably depending on the 
case, if it sees from the frequency band of a current general automobile and cellular phone, and the filter 
of this 1st operation gestalt is used as a receiving filter, the engine performance can be demonstrated 
further. That is, since the passband of a transmitting filter is in the low-pass side of a receiving filter, I 
hear that isolation with a sending-circuit system becomes good, the magnitude of attenuation by the side 
of low-pass sometimes increases, and a circuit design becomes easy to do it. 
[0021] The 2nd operation gestalt drawing 14 is the circuit diagram of a resonator mold SAW filter 
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" showing the 2nd operation gestalt of this invention. This resonator mold SAW filter is the ladder mold 
filter of pi mold, and one step of four pieces was carried out and is equipped with the mold circuits 71, 
72, 73, and 74. It carries out one step each and the mold circuits 71-74 are filter circuits which consisted 
of SAW resonators, respectively. One step of four pieces is carried out, cascade connection of the mold 
circuits 71-74 is carried out like the 1st operation gestalt, and the resonator mold SAW filter is 
constituted. In addition, although four steps which carried out one step and made the number of mold 
circuits four pieces here are carried out and a mold circuit is explained, two steps, six steps, or eight 
steps of configurations may be [ that what is necessary is for the number just to be even ] used. In order 
that it may carry out one step each and it may control these insertion losses for the interstage of the mold 
circuits 71, 72, 73, and 74, the mismatch loss control components 81, 82, a nd 83 whi ch are the inductive 
components or^capacitive^ an impedance has only a pure reactance component are 

connected to the serial, respectively. A spiral mold inductor, a MIANDA mold inductor, etc. which were 
formed in the substrate same as mismatch loss control components 81, g^and 83 as an external chip 
capacitor, an external MIANDA mold inductor, each SAW resonator, ancTthe capacitor of the IDT 

confifluratinnj ormed in the same substrate and each SAW resonator can be considered. 

[0022] One stepis carried out and the mold circuit 71 is terminal pair T71a ancfT71b. AndTerminal pair 
T71c and T71d It consists of juxtaposition arm SAW resonator 71p and 71s of serial arm resonators 
connected in between. One step is carried out and the mold circuit 72 is terminal pair T72c and T72d. 
And terminal pair T72a and T72b It consists of juxtaposition arm SAW resonator 72p and 72s of serial 
arm resonators connected in between. One step is carried out and the mold circuit 73 is terminal pair 
T73a and T73b. And terminal pair T73c and T73d It consists of juxtaposition arm SAW resonator 73p 
and 73 s of serial arm resonators connected in between. One step is carried out and the mold circuit 74 is 
terminal pair T74c and T74d. And terminal pair T74a and T74b It consists of juxtaposition arm SAW 
resonator 74p and 74s of serial arm resonators connected in between, and is. Each juxtaposition arm 
resonators 71p-74p are the completely same components, and those impedances are also equal. Each 
serial arm resonators 71s-74s are also the completely same components, and those of those impedances 
are equal. Therefore, the component 81 which carried out the 1st step of one step, carried out the mold 
circuit 71 and the 2nd step of one step, and was connected to juxtaposition between the mold circuits 72, 
and the 3rd step of one step are carried out, and the mold circuit 73 and the 4th step of one step are set 
up so that it may have the pure reactance component for adjustment with the completely same 
component 83 which carried out and was connected to juxtaposition between the mold circuits 74. 
[0023] For example, it carries out, it sets in the mold circuit 71, and the 1st step of one step is terminal 
pair T71a and T71b. A side is a characteristic impedance Z0. Termination is carried out, this one stage is 
carried out, and they are terminal pair T71c and T71d about the mold circuit 71 . The impedance seen 
from the side sets to Z6 (=R6+jX6). In order to remove the mismatch loss in interstage, it is required for 
the impedance of both sides to have a conjugation relation. Therefore, the impedance of a component 81 
is set as Z7 (=-j2X6). The same is said of the impedance of a component 83, it is set as Z7 (=-j2X6), and 
is. It is the impedance of each components 81 and 83 Z7 If it sets up, the circuit 85 which carries out one 
step, carries out the mold circuit 71, a component 81, and one step, and consists of mold circuits 72, and 
one step will be carried out, and the mold circuit 73, a component 83, and one step will become the 
circuit where the circuit 86 which carries out and consists of mold circuits 74 is completely the same. It 
carries out, it sets in the mold circuit 71, and the 1-th step of one step is terminal pair T71a and T71b 
there. A side is a characteristic impedance Z0. Termination is carried out. the 2nd step of one step ~ 
carrying out — terminal pair T72a of the mold circuit 72, and T72b from, if the seen impedance sets to 
Z8 (=R8+jX8) In order to remove the mismatch loss in circuits 85 and 86, it is necessary to set the 
impedance of a component 82 to Z8 (=-j (R8 2+X8 2) / 2X8), and it is set as this value. 
[0024] Next, actuation of the resonator mold SAW filter of drawing 14 is explained. Input terminal pair 
T71a of a resonator mold SAW filter, and T71b If it minds and a RF signal is inputted, an electrical- 
potential-difference difference will arise like the 1st operation gestalt between all the SAW resonators 
71p-74p that constitute a filter, and the electrode finger of IDT in 71s-74s, and a surface acoustic wave 
will be excited. When a surface acoustic wave excites, these SAW(s) resonator will express an 
impedance characteristic equivalent to a crystal resonator or the conventional LC resonator, and the 
whole SAW resonator system will express the property of a band-pass filter. It carries out one step each, 
and for the interstage of the mold circuits 71-74, the mismatch loss control components 81-83 by which 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



7/21/06 



.JP,10-013187,A [DETAILED DESCRIPTION] 



Page 8 of 9 



* 'insertion connection was made control reflection by each interstage, prepare the balance of the property 
of a passband for it, and make it at it the small property of a ripple (difference of maximum and the 
minimum value), terminal pair T74a [ in / the output terminal of this resonator mold filter, i.e., one step 
is carried out as a result, and / the mold circuit 74 ], and T74b from — only the signal which a frequency 
suits is outputted to a passband by stable reinforcement. Next, the effectiveness of the resonator mold 
SAW filter of the 2nd operation gestalt which has improved connection of interstage is explained. 
Drawing 15 is drawing showing the insertion-loss property in drawing 14 . 

[0025] Since the mismatch loss control components 81-83 are formed in the resonator mold SAW filter 
of drawing 14 at interstage, a part for the reactance of the both sides of interstage is eliminated, and the 
reflection in a passband is improved. Therefore, like the part shown by A4 of drawing 15 , the 
inclination by the side of passband low-pass [ of the insertion-loss properties of a resonator mold SAW 
filter ] becomes loose compared with the former, and like the 1st operation gestalt, while low loss- 
ization of a filter is realizable, it contributes also to control of a passband ripple. Furthermore, since a 
pure reactive element like components 81-83 is added without compounding the SAW resonator of a 
serial arm as shown in drawing 14, according to those values, it is effective in the magnitude of 
attenuation in the high region outside a passband increasing considerably compared with a passband 
among the insertion-loss properties of a filter (part of A5 in drawing 15 ). As a result, the resonator mold 
SAW filter of drawing 14 turns into a resonator mold SAW filter promising as an automobile and a filter 
for cellular phones like the 1st operation gestalt. However, if the resonator mold SAW filter of drawing 
14 is used as a transmitting filter, it can demonstrate the engine performance further. That is, since the 
passband of a receiving filter is in the high region side of a transmitting filter, I hear that isolation with a 
receiving-circuit system becomes good, the magnitude of attenuation by the side of a high region 
sometimes increases, and a circuit design becomes easy to do it. 

[0026] In addition, this invention is not limited to the 1st above-mentioned operation gestalt and the 2nd 
operation gestalt, but various deformation is possible for it. As the deformation train, there is the 
following, for example. 

(1) With the 1st and 2nd operation gestalten, although each resonators 51p-54p, 51s-54s, and 71p-74p, 
and 74s [71s-] are made into the SAW resonator, a transmission characteristic is improvable like [ the 
band-pass filter at the time of using a crystal resonator, LC resonator etc. for these ] the above- 
mentioned operation gestalt. 

/f(2) Also in the case o f a filter, al though multistage [ of pi mold shown in drawing 1 and drawing 14 ] is 
^earned out and tHeTilter is explained with the above-mentioned operation gestalt, multistage [ of T 
mold ] is carried out and the same effectiveness as the 1st and 2nd operation gestalten is acquired. 
Drawing 16 (a) and (b) are drawings in which carrying out multistage [ of T mold ] and showing a mold 
filter, this drawing (a) shows the filter corresponding to drawing 1 , and this drawing (b) is a filter 
corresponding to drawing 14 . 

[0027] Like drawing 16 (a), one step of each stage is carried out, the location of the juxtaposition arm 
resonator in the mold circuits 51-54 and a serial arm resonator is changed, even when multistage [ of T 
mold ] is carried out and a mold filter is constituted, it is connecting mismatch loss control component 
J __ifor a pure reactance - 63* t o the 1st operation gestalt, and a transmission characteristic is improved. 
In addition, the way of a setup of the value of component 61* in this case - 63* is the same as the 1st 
operation gestalt, and the same effectiveness as the 1st operation gestalt is acquired. Like drawing 16 
(b), one step of each stage is carried out, the location of the juxtaposition arm resonator in the mold 
circuits 71-74 and a serial arm resonator is changed, even when multistage [ of T mold ] is carried out 
and a mold filter is constituted, it is connecting mismatch loss control component 81 * for a pure 
reactance - 83* to the 2nd operation gestalt, and a transmission characteristic is improved. In addition, 
[0028] from which the way of a setup of the value of component 81 * in this case - 83* is the same as the 
2nd operation gestalt, and the same effectiveness as the 2nd operation gestalt is acquired 
[Effect of the Invention] Sincethe jcapacitive component or th e inductive component which is connecte d 
to juxtap osi tion at each intersta ge, respectively, and controls the mismatch loss between the filter 
circuits in this each connection place was prepared according to the 1st invention as explained to the 
detail above, multistage is carried out and can control the increment in the insertion loss by the side of 
low-pass [ of the passband accompanying the increment in a number of stages of a mold filter ]. By this, 
the application of a resonator mold SAW filter becomes large. Since the capacitive component or the 
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inductive component which is connected to a serial at each interstage, respectively, and controls the 
mismatch loss between the filter circuits in this each connection place was prepared according to the 2nd 
invention, multistage is carried out and can control the increment in the insertion loss by the side of low- 
pass [ of the passband accompanying the increment in a number of stages of a mold filter ]. By this, the 
application of a resonator mold SAW filter becomes large like the 1st invention. 



[Translation done.] 
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